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1 ABSTRACT 
The Ultrasonic Polar Scan (UPS) is an advanced non-destructive testing technique which is 
well-suited for the inversion of the full viscoelastic stiffness tensor of anisotropic media, such 
as carbon fibre reinforced plastics (CFRP) [1]. A UPS experiment comprises the measurement 
of the reflection and/or transmission signal of an impinging ultrasonic beam at multiple 
combinations of out-of-plane and in-plane incident angles 𝚿(𝜽,𝝋) on the hemisphere above a 
single targeted material spot (Fig. 1). The mapping of features such as amplitude, time-of-flight 
and phase, present in the measured signals onto a polar diagram reveals a local fingerprint of 




Fig. 1 Schematic of the UPS principle for an 
ultrasonic beam incident from an angle 𝚿(𝜽,𝝋). 
 
 
Fig. 2 Transmission amplitude data from a UPS 
experiment on a carbon/epoxy plate [0]8 with a 
5MHz pulse as incident signal. Colour bar 
normalized to the incident field amplitude. 
 
The recorded data is subsequently fitted by a numerical model through an evolutionary 
optimization algorithm based on the particle swarm optimizer. This approach has been 
implemented as a two stage inversion procedure using pulsed ultrasonic signals as input beams 
[2]. Despite the success of this procedure, the currently used plane wave model lacks some 
worthwhile physics. It disregards the influence of the finite size of the ultrasonic transducers 
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and hence overlooks information on for instance leaky wave fields and energy skewing of the 
propagating waves in anisotropic media. Moreover, the pulsed UPS model fails to account for 
the influence of typical frequency dependent phenomena (e.g. viscous behaviour) as the 
performed Fourier analysis requires a-priori knowledge on those relations.  
 
In the present study, we first propose a model for the inclusion of the boundedness of ultrasonic 
transducers and show on a qualitative level the close agreement of the model with actual pulsed 
UPS experiments on aluminium and CFRP materials. In addition, a new inversion procedure is 
proposed using harmonic waves as input for the UPS setup (Harmonic Ultrasonic Polar Scan, 
H-UPS). The introduced inversion scheme naturally gives access to the potential frequency 
dependent attenuation of the investigated material, and is tested for numerically simulated H-
UPS data of a unidirectional carbon/epoxy plate at different driving frequencies. The accuracy 
and inversion runtime is compared to the ideal case when the boundedness of the transducers 
can be omitted (i.e. plane wave experiment). Finally, a model encompassing phased array 
technology for the reconstruction of the plane wave transmission coefficient for any given 
transducer is proposed and validated on numerical H-UPS data sets. 
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